Aim: To clarify the factors associated with reported dietary fat intake by Japanese male children. Methods: This study is based on the data of a nationally representative cross-sectional study in Japan. Three hundred and seventy-seven male children (age, 6 -11 years) whose households were sampled in the 1995 Comprehensive Survey of Living Conditions of the People on Health and Welfare, and the 1995 National Nutrition Survey and whose parents were identified through record linkage between the 2 survey data sets were enrolled. Results: The final dataset in this study consisted of 377 boys with 329 of their parents. Fifty-two boys were found to be overweight (13.8%). The reported dietary fat intake was higher among the overweight boys than among the non-overweight boys. Maternal obesity was significantly associated with obesity in male children. Boys who frequently consumed foods from the "fats and lipids" group and the "meat" groups, and children from nuclear families rather than 3-generation families reported high dietary fat intake. In addition, parental fat intake was also significantly associated with fat intake of male children. Conclusions: Child and parental dietary habits along with the household status should be considered when implementing nutritional education programmes to control dietary fat intake and reduce the obesity risks of male children.
INTRODUCTION
In industrialized countries, overweight and obesity are the most common nutritional disorders [1] [2] [3] . Overweight children have a high risk of being overweight in adulthood [4, 5] , and experience typical obesity-related morbidity, including coronary heart disease, high blood pressure, and adult-onset type 2 diabetes [6] . Moreover, previous studies have demonstrated that childhood obesity, in combination with other lifestyle risk factors, contributes to the development of arteriosclerotic lesions even during childhood [7] , and that some obese children develop metabolic syndrome early in life [8] .
Although the prevalence of obesity in Japanese adults has been quite low compared with other nations [9, 10] , the prevalence of overweight and obesity has steadily increased among individuals of both sexes under the age of 50. This indicates the necessity of addressing obesity and overweight in Japan [11] . In addition, Matsushita and co-workers have clearly shown increasing trends in the prevalence of obesity among Japanese children [12] . The prevalence of childhood obesity had been steadily increasing since the 1980s into the early 2000s and the prevalence of obesity in late infancy also had been in-creasing during this period [13] . Moreover, the prevalence of obesity in male children was found to be higher than in female children. While the prevalence in boys in 2007 was approximately twice (9% -10%) that of the reference data in 1979-1981, for each age group, the prevalence in girls was less than that of boys, at approximately 8%. Consequently, it is expected to be important to analysis the data related to childhood obesity which was obtained in the 1990s because the analysis could contribute to the establishment of prevention programs to counter childhood obesity or overweight.
Many studies have identified certain risk factors for childhood obesity including eating behaviour and physical activity of children [14] . Regarding dietary habits, previous research has revealed a significant association between dietary fat intake and obesity both in children and in adult populations [15, 16] . This suggests a need to control dietary fat intake for preventing and treating obesity. Of note, previous studies have demonstrated that children of obese parents show a strong preference towards a high-fat diet and have higher dietary fat intake [17, 18] . Maternal dietary fat intake was also found to have a strong influence on the dietary fat intake of their children [15] .
In Japan, although appropriate fat intake (expressed as a percentage relative to the total energy) for individuals aged 6 -11 years is estimated to be 25% -30% [19] , a recent National Health and Nutrition Survey (NHNS) clarified that the dietary fat intake of children in Japan has not improved significantly because the percentages of fat intake in 2003 and 2008 were found to be 29.0% and 28.3%, respectively [20, 21] . The association between dietary fat intake and childhood obesity has not been examined in a Japanese population.
Importantly, there are two difficulties to be considered during the analysis of the National Nutrition Survey (NNS) data among female children. Firstly, girls often exhibit secondary sexual characteristics at an earlier age than boys, so the proportion of girls with such characteristics among the sample population could be higher than that of boys. Hormonal changes associated with this are therefore more likely to affect the girls' weight status. This introduces a confounding factor that negates the association between dietary fat intake and obesity among girls. Secondly, as suggested in previous studies, girls often begin dieting at an earlier age than boys [22] , and dietary interventions to moderate fat intake are implemented even in children in some cases [23] . Also of note, it must be considered that, in Japan, there might be a similar trend exhibited by the studies described above because the total energy intake and intake of protein and fat were found to be similar for subjects 1 -6 years of age. The total energy intake and intake of protein and fat for boys was found to be higher than in girls after 7 years of age in 2004 [24] . Hence, for the present study, it was decided to include only male children and their parents.
Our research objective was to examine the relationship between dietary fat intake and childhood obesity in male Japanese children. Therefore, we aimed to confirm this association using data from the NNS in Japan. Another objective was to examine the association between child dietary fat intake and determine whether such intake is associated with food group intake, dietary habits, and household status of these individuals.
METHODS
The Japanese Government conducts a Comprehensive Survey of the Living Conditions of People on Health and Welfare (CSLCPHW) and a NNS among randomly sampled districts in 3-year intervals and annually, respectively [25, 26] . Both surveys include sections on health and socio-economic status (SES). Trained interviewers visit the respondents' homes. Our study population included the respondents of both surveys, which were conducted in 1995. The 1995 CSLCPHW was administered to 5100 randomly sampled districts nationwide, with a household response rate of 91.0%. The 1995 NNS was carried out independently in 300 districts randomly sampled from the same districts in which the CSLCPHW was conducted. The estimated response rate to the NNS was 94.9%. The Japanese government granted permission to use the data from both surveys. These data were linked at the level of individual respondents because a common unique identifier was used in both surveys. The final number in the linked data set was 13,270. This number was reduced as a result of non-responsive subjects or relocation of correspondents during the 5-month interval between the surveys. Among the NNS participants, 93.2% was linked to their CSLCPHW data [26] .
Data on the following survey items were extracted from the 1995 CSLCPHW data: relationship, sex, marital status, and occupation-related information from the household questionnaire; and physical health problems affecting daily life, symptoms or medical conditions, mental health status, health check attendance, lifestyle habits (smoking, drinking, and exercise), daily health habits, family structure, and occupational status from the health questionnaire.
In addition, the following information was collected from the 1995 NNS data: height, weight, and lifestyle habits (smoking, drinking and exercise) from the physical status questionnaire; the frequencies of eating out and skipping meals from the dietary habit questionnaire; and food and nutrient intakes from the dietary intake questionnaire. In the NNS, medical doctors, registered dietitians, and public health nurses measured the height and weight of the participants. "Dietary Records" were used to collect information about the household meals only on a certain day excluding Sunday or Public Holiday during the survey period. Then, registered dieticians calculated the total household intake from this information. Each individual intake was calculated using each percentage of the household intake [25] . For instance, when the dietician calculated the total calorie content intake of the family as 8000 kcal from the data of dietary records and the percentage of child, mother, and father were reported as 25%, 35%, and 40% in the questionnaire, respectively, the individual calorie intakes of the child, mother, and father were determined as 2000 kcal, 2800 kcal, and 3200 kcal, respectively.
To clarify the Association of the children's reported dietary fat intake and parental obesity with childhood overweight, childhood overweight was defined according to the body mass index (BMI) such that 85th percentile for age and sex, and the children were classified as overweight (BMI ≥ 85th percentile) and non-overweight (BMI < 85th percentile) groups. The cut-off values were based on the definition provided by the US Center for Disease Control and Prevention (CDC) [27] . The children's dietary fat intake was assessed according to the Japanese Recommended Dietary Allowance [19] , in which appropriate fat intake 8expressed as a percentage relative to the total energy) for individuals aged 6 -11 years is estimated to be 25% -30%. By using the maximum recommended fat intake of 30% as the cut-off value, the children were divided into excessive (≥30%) and moderate (<30%) fat intake groups, and the association between the dietary fat intake and overweight was examined using multivariable logistic analysis to adjust for the effect of the age of the participants. The association between overweight among the children and their parents was also determined by multivariable logistic analysis to control for the effect of the age of the participants. The parents were divided into two groups according to their BMI: obesity group (BMI ≥ 25 kg/m 2 ) and non-obesity group (BMI < 25 kg/m 2 ). We then aimed to determine factors associated with the reported dietary fat intake of the male children. Further analyses were performed for the boys as well as for their fathers and mothers with the aim of determining the associations between the reported dietary fat intake of the children and the following variables: 1) the child's age-adjusted food group intake calculated for each of the 14 food groups, determined by the dietician from the data of the "Dietary Records"; 2) the dietary habit variables including frequencies of eating out and skipping meals; 3) the physical health variables including physical health problems affecting daily life and symptoms or medical conditions; 4) the variables indicating household status including family structure and parental occupational status; and 5) the parental dietary fat intake. The association of the food group intake of the children with their reported dietary fat intake was determined by covariance analysis to allow for the effect of their age and those of the other variables were assessed using logistic analysis.
All statistical analyses were performed with SAS statistical software version 9.2 (SAS Institute Inc., Cary, NC). 
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RESULTS
From a total of 999 households, 283 households were excluded because of missing data on the height and weight of the child, mother, or father. Taken together, the final data set included 716 male and female children aged 6 -11 years from 716 households. Of these, 377 boys and 325 of their parents were included in this study. Table 1 shows the height and weight data of the children. The values were within the average range for the population estimated in the 1995 nationwide statistics on the physical development of schoolchildren. The numbers of overweight children were 56 boys (14.9%).
The subjects were divided into two groups according to fat intake: excessive (>=30%) and moderate (<30%) (n = 183 and 194, respectively) ( Table 2 ). The overweight boys had an increased dietary fat intake relative to their non-overweight counterparts, with an odds ratio (OR) of 1.95 (95% confidence interval (CI) = 1.09 -3.49) ( Table 2 ). The OR for concordance of overweight between father and child was 1.04 (95% CI = 0.54 -2.01) and that between mother and son was 3.1 (95% CI = 1.52 -6.35; Table 3 ).
As shown in Table 4 , male children with increased reported dietary fat intake consumed a greater amount of foods in the "potatoes and taro", "fats and oils", "meat", and "milk and dairy products" groups, along with lower consumption of foods in the "rice and grain", and "fish and seafood" groups. Children in the high-fat intake group ere more likely to skip breakfast than those in the loww † Adjusted by age of the participants; ‡ Using the maximum recommended fat intake of 30% as the cut-off value, the children were divided into excessive (≥30%) and moderate; (<30%) fat intake groups. Table 3 . Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) of both paternal and maternal obesity for childhood obesity in male by using logistic multivariable regression analyses. 
DISCUSSION
Regarding the prevention of childhood obesity, the association between dietary fat intake and childhood overweight should be examined in the Japanese population as such an association has been observed in other countries. This study is the first to clarify this association in Japanese male children. In addition, we have demon- Milk and dairy products 364.9 201.8 296.0 162.2 0.0003 † Using the maximum recommended fat intake of 30% as the cut-off value, the children were divided into excessive (>30%) and moderate (<30%) fat intake groups;
‡ Calculated by analysis of covariance to adjust for the effect of the participants' age in each variable.
strated the associations between reported dietary fat intake and food intake patterns, dietary habits, and family structure [nuclear family or extended family] for Japanese children.
Our results demonstrate that overweight male children have higher dietary fat intake than male children withnormal weight. This is consistent with the previous observations regarding a positive association between dietary fat intake and obesity [15] .
Having an obese mother but not an obese father was found to be significantly associated with an increased OR for overweight in children although previous research has indicated that obesity in both fathers and mothers is associated with increased risk of obesity in their offspring [28] . The link between child and maternal nutrient intake has been previously demonstrated to be stronger than that between child and paternal nutrient intake [29] . This is likely to be due to the potential impact of the mother's eating habits on her children as children of obese mothers also tend to consume a larger amount of fat [17, 18] . Moreover, Whitaker et al. reported that maternal obesity tracks childhood obesity more strongly than paternal obesity [30] .
We also analysed the factors involved in reported dietary fat intake and found that higher dietary fat intake is linked to increased intake of foods from the "fats and oils" group and the "meat" groups by children. This is consistent with the results obtained from a previous US study [31] . Foods in these groups contain abundant fats and thereby contribute to high fat intake as observed in our sample population.
As for the dietary habit variables, skipping breakfast tended to be associated with increased fat intake by children. This is probably due to an uneven distribution of energy intake throughout the day that often leads to increased consumption of energy-laden, high-fat foods in the afternoon and evening. Our results confirm the marked influence of dietary habits on dietary fat intake.
This study has some advantages. A nationally representative dietary survey clarifying the dietary patterns of British children was recently conducted in Great Britain [32] . However, the analyses of this survey did not include parents. We analysed the nutritional data of both children and their parents and we believe that this is one of the strengths of our study. The present analyses were ased on the data sets obtained from two nationwide b
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OPEN ACCESS health surveys, the CSLCPHW and the NNS, conducted under the authority of the Statistics Act of Japan. In the CSLCPHW, participating households were randomly selected from census blocks [33] , and those in the NNS were randomly chosen from the census blocks sampled for the CSLCPHW [34] , to provide nationally representative samples of households and individuals that were sufficient to ensure the external validity of the survey results. Furthermore, the study items used in the surveys were thoroughly revised for increased reliability. Moreover, since 1995, the NNS has collected data regarding food and nutrient intake on an individual basis rather than the conventional household basis, thus enabling the analysis of individual dietary intake, which was not possible before 1995. In this study, the 2 data sets from the CSLCPHW and the NNS were matched through a record linkage system and analysed at the individual level, which is the major strength of the present research. This study provides an analysis of the first record linkage study using nationwide data that specifically targeted children.
However, this study also has some limitations. First, the causality between the children's dietary fat intake and each of the associated factors could not be established due to the cross-sectional study design. Second, as the 2 nationwide surveys covered all age groups and did not specifically focus on children, the survey data provided insufficient information on the children's lifestyle habits to assess the association of dietary fat intake with their daily activities, physical condition, and exercise habits. Given that physical activities and exercise reduce obesity risks [35] , the physical activity variables may have a significant impact on the children's dietary fat intake. In addition, it was impossible to survey directly the nutrition intake of children because we were able to use only the data that was calculated by using the amount of household intake and the percentage of each family member. However, our data are sufficient to be considered valid because the results are highly similar to other results obtained in a survey using the direct survey method in Japan [36] .
Additionally, the sample size is not large enough to detect precise factors associated with the reported male children's dietary fat intake. Although the statistical power is relatively low, there were some factors that were found to be associated with excess dietary fat intake in male children. It is suggested that addressing these factors may be useful for improving childhood dietary fat intake when intervention is considered. Finally, it was impossible to examine the effect of each variable which might be related to excess fat intake because it was difficult to create a multivariate model due to the small sample size.
Despite these limitations, our analyses will provide a useful basis for implementing comprehensive lifestyle intervention strategies to prevent and treat childhood overweight on a whole-family basis.
In conclusion, we have clarified the association between reported dietary fat intake of Japanese male children and childhood overweight. Moreover, we have clarified the associations between the children's dietary fat intake and their food intake patterns, dietary habits and family structure. These results indicate that both child and parental dietary habits along with the household status should be considered when implementing nutritional education programmes to control dietary fat intake and reduce obesity risks for children.
